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Open accThe present paper reports a comprehensive study of structural, elastic, electronic and phonon properties
of MgN and GdN compounds in its rocksalt phase by means of ﬁrst principles density functional theory
and use of pseudo-potentials within generalized-gradient approximation to the exchange correlation
functional for all calculations except phonons in the case of GdN. The computed equilibrium lattice
constant and mechanical properties for both compounds agree well with the available experimental
and theoretical data. The electronic band structure calculation shows an ionic component along with
the covalent like character and clear half-metallic nature in rocksalt GdN, while rocksalt MgN shows
covalent like character. Spin-polarized calculation suggests that the MgN has a negligible magnetization
while GdN shows signiﬁcant magnetization at equilibrium lattice constant. The phonon dispersion
curves, phonon density of states and allied properties are also calculated. Zone center phonon frequencies
are in good agreement with experimental Raman spectra. The structures observed in Raman spectra can
be attributed to phonons near the zone center due to the presence of defect or disorder and the combi-
nation of LO(L) and LA(L) phonons.
 2012 Published by Elsevier B.V. Open access under CC BY-NC-ND license.1. Introduction
Nitrides are enjoying renewed interest worldwide as possible
nuclear fuels for high-temperature gas cooled reactors, for lead, so-
dium and helium cooled fast reactors and indeed for space powder
reactors. They are identiﬁed as primary advanced nuclear fuels
because of their high density, high breeding ratio, high thermal
conductivity, their compatibility with sodium coolant and good
reprocessing behavior, i.e. easy to dissolve in nitric acid [1–8]. Fur-
thermore, the early transition metal nitrides are well known for
their outstanding physical properties including high hardness,
mechanical strength, high melting point, and electrical conductiv-
ity that vary frommetallic to semi conducting combining behavior.
Because of these interesting features they have been extensively
used in technological applications such as hard wear-resistant
coatings, diffusion barriers, and optical coatings and attracted wide
attention of researchers. Thus, the characterization of structural,
mechanical, electronic and vibrational properties play a key role
in assessing the performance and safety purpose related to their
usefulness in the nuclear fuel system and spintronics application
[1–3].
Rocksalt (RS) MgN is a d0 magnet at the verge of half-metallic-
ity, and that the half-metallic ground is robust with respect to both: +91 278 2426706.
ni.edu (P.K. Jha).
ess under CC BY-NC-ND license.compression and spin–orbit interaction. It is an extremely interest-
ing material because of its structural similarity to the parental
MgO, widely used as tunnel barrier in magnetic tunnel junctions
[9]. Even though MgN does not exist naturally, Droghetti et al.
[9] have grown MgN on suitable substrates in the form of thin
ﬁlms. Its use suggests that the MgN might be formed in thin ﬁlms
and low dimensional structures simultaneously during deposition
of Mg3N2 on a different substrate. The RS structure is found to be
most stable among all possible crystal structures. Bialek and Lee
[10] studied the (001) surface of the rocksalt and (110) surface
of the zinc-blende (ZB) MgN using density functional theory within
the full-electron linearized augmented plane wave method and
showed that both RS-MgN (001) and ZB-MgN (110) indicate
half-metallic properties. However, ZB-MgN (110) surface is elec-
tronically more stable. Unfortunately, despite the increasingly
large number of reports of d0 magnets, their typical experimental
characterization is often limited to magnetometry with little infor-
mation about the local electronic structure [11–13].
Some experiments and theoretical calculations [14–25] of GdN
have been made during the past few years using ab initio electronic
structure calculations to get an insight into their physical proper-
ties and to discuss the experimental discrepancy. The rare-earth
(RE) nitrides lie on the boundary between metals and insulators,
and present an exciting challenge to both experiment and theory.
Although most RE nitrides have been shown to be semi-metallic,
there is still ambiguity about GdN regarding whether it is an
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the electronic structure of RE compound is a very challenging prob-
lem because of their partially ﬁlled 4f shells. GdN and other rare-
earth nitrides have interesting electronic and magnetic properties
due to the open shell 4f states; however, there exist disagreements
among various theoretical treatments regarding the nature of their
band structure and magnetic state [25]. There are also reports
[26–28] which show degenerately doped semiconducting ground
state based on the resistivity data, measured at low temperature.
There exist disputes regarding its magnetic properties with earlier
observations describing GdN to be a metamagnet [29] material
while several other studies show it to be a ferromagnet [25–30].
It is widely observed from the experiment as well from theoretical
studies that the Curie temperature (Tc) lies in the range of 58–90 K
[16,31–33]. Srivastva et al. [34] used tight-binding mufﬁn-tin orbi-
tal (TB-LMTO) method within the LDA to calculate structural, elec-
tronic and magnetic properties of GdN under pressure. Sharma and
Nolting [33] analyzed the possibility of carrier-mediated ferromag-
netism in GdN and emphasized on the electronic band structure
and density of states with the inclusion of spin to understand the
magnetism. Duan et al. [35] using ﬁrst principles approach studied
the electronic and magnetic properties of GdN as a function of lat-
tice constant and found that the GdN exhibits ferromagnetic
ground state with a half-metallicity gap of about 0.6 eV. Lambrecht
et al. [26] performed frozen phonon calculation for several rare-
earth nitrides including GdN using the full-potential linearized
mufﬁn-tin orbital method and LSDA + U. However, they reported
phonon frequencies only at some high-symmetry points of the
Brillouin zone (BZ) and emphasized the necessity for the calcula-
tion of full phonon dispersion curve throughout the BZ and phonon
density of states.
To the best of our knowledge, there is no ab initio or other the-
oretical calculation on the phonon and allied properties of MgN
and GdN so far despite the observation of structures in the ﬁrst or-
der Raman spectra of GdN [26]. It is normally expected that the
ﬁrst order Raman spectra are forbidden in the compounds of cubic
structure. The full phonon properties not only play a signiﬁcant
role in the studies of a wide variety of physical properties of solids,
such as thermal properties, electron–phonon interaction, etc. but
also the dynamical stability of compound. Furthermore, the study
of the thermodynamical properties of any compound is important
to extend our knowledge on their speciﬁc heat behavior. In addi-
tion the thermodynamic functions of a solid are determinedmostly
by the vibrational degrees of freedom of the lattice. In this study,
we investigate the structural, elastic, magnetic and vibrational
properties of two mononitrides namely the MgN and GdN in rock-
salt structure using density functional theory. The vibrational
properties are investigated in the framework of density functional
perturbation theory (DFPT) [36]. Rest of the paper is organized as
follows; a brief computational method is presented in Section 2
followed by the results and discussion in Section 3. Then the paper
concludes with a conclusion in Section 4.2. Computational details
Our calculations are based on the implementation of plane
wave density functional theory (DFT) in the Kohn–Sham frame-
work using ABINIT simulation package [37]. The electronic conﬁg-
uration of Mg, Gd and N is Mg [Ne] 3s2; Gd [Xe] 4f2 5d1 6s2 and
N[He]2s22p3. The wave functions describe only the valence and
the conduction electrons, while the core electrons are taken into
account for pseudo-potentials. For the exchange–correlation func-
tional, we have employed the generalized-gradient approximation
(GGA) functional developed by Perdew, Burke and Ernzerhof (PBE)
[38]. It is known that GGA gives better results than the simplerlocal density approximation (LDA) when describing the structural
properties of compounds with partially ﬁlled f or d shells [38,39].
The electron–ion interactions are described through the use of
Troullier and Martins type pseudo-potentials [40]. A set of conver-
gence tests have been performed in order to choose correctly the
mesh of k-points and the cut-off kinetic energy of plane waves to
start the ground state and linear response calculations. The kinetic
energy cut-off for the plane wave basis is set to 59 and 40 Ha for
the rocksalt MgN and GdN, respectively. The Brillouin zone is sam-
pled by 6  6  6 and 8  8  8 Monkhorst–Pack mesh of k-points
[41] for MgN and GdN, respectively. The tetrahedron method of
Brillouin zone integration had been used to calculate the total
DOS. The phonon band structure is calculated using density func-
tional perturbation theory in the linear response approach [36],
in which second order derivatives of the total energy are calculated
to obtain dynamical matrix. Phonon dispersion curves in the pres-
ent calculation of phonon properties are performed using LDA
exchange correlation functional. DFPT allows us to examine vibra-
tional properties of materials at a high accuracy level. The kinetic
energy cut-off and number of k-points mentioned above are found
to yield phonon frequencies converged to within 2–5 cm1, and
local density of states (LDOS) in the framework of spin formalism,
is checked with the number of bands and k-points.3. Results and discussion
3.1. Structural and mechanical properties
As a ﬁrst step, we have performed the structural optimization of
rocksalt MgN and GdN. The structural optimization has been per-
formed under the minimum condition of the total energy. We com-
pute the equilibrium lattice constant (a0) and the bulk modulii (B0)
by ﬁtting the energy–volume curves to the third order Birch–Mur-
ghan equation of states (EOS) [42]. The equilibrium lattice param-
eters for both compounds along with available experimental and
other theoretical data are listed in Table 1. It can be seen clearly
that the calculated lattice parameter for the magnesium and gadol-
lium nitrides compound are in satisfactory agreement with the
previous calculations and available experimental data. Elastic con-
stants which are associated with homogeneous strains [34], i.e.,
with macroscopic distortion of the crystals can be calculated from
the force constant and listed in Table 1. Most importantly, the
knowledge of elastic constants is essential for many practical
applications related to the mechanical properties of a solid, load
deﬂection, inter-atomic bonding, internal strain, sound velocities
and fracture toughness. However, it could not be compared with
experiments due to nonavailability of data. The elastic or mechan-
ical stability can be checked by the whole set of elastic stiffness
constant Cij using Born–Huang criterion [43]. The key criterion
for mechanical stability of a crystal is that strain energy must be
positive. This means in a cubic crystal, the elastic constants should
satisfy the following conditions,
C44 > 0; C11 > jC12j; C11 þ 2C12 > 0 ð1Þ
According to above criterion, it is clear that both RS-MgN and
RS-GdN are mechanically stable. Using elastic constants, the bulk
modulus (B), the shear constants such as shear modulus (G),
Young’s modulus (E) and Poisson’s ratio (m) in the cubic crystals
can be calculated [44]. These quantities are presented in Table 2
along with available data. One can remark from Tables 1 and 2 that
the elastic constant C11, which represents stiffness against principal
strains, and bulk modulus B, which represents the resistance to vol-
ume change are less in magnitude for MgN than GdN. The slight
lower value of bulk modulus for both compounds can be attributed
Table 1
The equilibrium lattice constants a0 (Bohr), elastic constants (in GPa), together with
the other theoretical and experimental data for MgN and GdN in RS structure.
System Lattice constant (Bohr) C11
(GPa)
C12
(GPa)
C44
(GPa)
MgN 8.37*, 8.39a, 8.20b, 7.93c 213.91 64.43 66.07
GdN 9.40*, 9.52d, 9.43e, 9.30f, 9.64g, 9.28g,
9.44h, 9.41i, 9.32j, 9.30k, 9.45l
244.60 59.11 92.62
* Our calculation.
a Reference [9], GGA.
b Reference [9], LDA.
c Reference [10].
d Reference [18], Experiment.
e Reference [16,19].
f Reference [29].
g Reference [43], HF, LDA.
h Reference [43].
i Reference [23].
j Reference [29].
k Reference [41].
l Reference [28].
Table 2
The calculated bulk modulus (B), shear modulus (G) (G = (C11–C12 + 2C44)/4), Young
modulus (E) (E = 9BG/(3B + G), Poisson’s ratio (v) (v = E/2G1) for MgN and GdN.
System Bulk modulus
(B)
Shear
modulus
(G)
Young
modulus
(E)
Poisson’s
ratio (v)
Anisotropic
factor (A)
MgN 114.26* 70.407 175.23 1.25 0.88
GdN 120.94*,
192 ± 35m,
174n 167o,
188p, 137q,
192.13r , 158s,
93.685 223.37 1.19 0.99
* Our calculation.
m Reference [24].
n Reference [43], LDA.
o Reference [43], HF.
p Reference [19].
q Reference [43], B3LYP.
r Reference [29].
s Reference [16].
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modulus as the cohesive energy is overestimated in the case of GGA.
Now, we turn our attention toward the different type of modu-
lus, which empirically links the plastic properties of materials with
their elastic modulii. The shear modulus G represents the resis-
tance to plastic deformation, while bulk modulus B represents
their resistance to fracture. A high B/G ratio is associated with duc-
tility, whereas a low value corresponds to the brittle nature; in our
study both rocksalt MgN and GdN crystals behave in a ductile man-
ner as the B/G ratio is high. The elastic anisotropy of crystal has an
important implication in engineering since, it is highly correlated
with the possibility to induce micro cracks in the material. Hence,
it is desirable to obtain the elastic anisotropy parameter ‘A’ in
understanding the physical properties of certain materials [45]. If
‘A’ takes the value of 1, it denotes completely isotropic materials,
while values smaller or greater than unity measure the degree of
elastic anisotropy. The calculated anisotropy factor for MgN and
GdN are presented in Table 2. It reveals that anisotropy factor A
is close to 1 for both compounds showing elastic isotropy. The
GdN compound is more isotropic than MgN and close to ideal
isotropy.
3.2. Electronic and magnetic properties
The spin-polarized electronic structure calculation (based on
GGA) for RS-MgN and RS-GdN is performed. The electron dispersioncurves along the high-symmetry directions in the Brillouin zone
(BZ) for MgN and GdN are shown in Figs. 1(a) and 2(b) respectively.
Fig. 2(a) and (b) presents density of states along with the local den-
sity of states for MgN and GdN, respectively. We do not observe any
change in the band structure and density of states in the case of spin
dependent calculations of band structure and density of states,
which is quite obvious as the magnetic moment is zero in the case
of MgN (Table 3). It is clearly seen that there is no signiﬁcant effect
of spin for RS-MgN, whereas RS-GdN shows a strong spin effect. We
note that there is a negligiblemagnetization in RS-MgN,while in RS-
GdN, it is signiﬁcantly high 7.29lB and is in good agreement with
previously reported magnetization value at its equilibrium lattice
constant [46]. Further, we have also estimated HOMO energy for
MgN and GdN which is positive and signiﬁcantly large in the case
of MgN than GdN. The estimated correction term in exchange en-
ergy is 4% more in GdN-RS structure (Table 3). The reduction in
the energy of the electronic system due to the antisymmetry of
the wave function is called the exchange energy [47]. The antisym-
metry of the wave function produces a spatial separation between
electrons that have the same spin and thus reduces the coulomb en-
ergy of the electronic system. Therefore, it is quite obvious that
GdN-RS requires higher correction terms in the exchange energy.
Fig. 1 reveals the half-metallic character of MgN with a direct
gap of 5 eV at the C-point in the minority spin channels. The band
structure depicts that bands do not cross the Fermi surface. The
Fermi level Ef is shown by a single horizontal solid line and set to
zero. The band meets with the Fermi surface due to the hybridiza-
tion at C-point, while at X it shifts to lower energy with the re-
moval of degeneracy. From the comparison of total electronic
DOS and local electronic DOS in the case of MgN, it is clear that
the conduction band is formed due to unbound N 2p level and its
mixing with Mg 3s. Furthermore, their hybridization with the N
2p orbital forming the valence band is less strong and responsible
for the curve nature. The total density of states along with the local
density of states depicts that the contribution of d and p orbital is
responsible for the half-metallic nature in MgN. Fig. 1(b) shows the
contribution of 3d non-zero LDOS, which is due to some contribu-
tion of partial charges in Mg states. In addition, the mixed 3s and
2p states above the Fermi energy level in ‘‘Mg’’ and 2p states below
the Fermi energy in ‘‘N’’ signiﬁcantly contribute to the half-metal-
licity of MgN. The DOS also reﬂects that the 3s state above 13 eV
in N is a more favorable state, while in Mg, there is a hybridization
of 3s and 2p states, driven by the strong atomic character of the an-
ions mainly contributing to the magnetic moment. Nevertheless,
the total magnetization is very less in this case, even though it
shows half-metallicity in nature. This feature indicates that the
MgN preserves the half-metallic moment and ﬁnally becomes
non-spin polarized [35]. Furthermore, the local density of states
in the range 6–10 eV in N is a mixed state of 3s and some partially
2p, which is due to the correction in exchange energy (Table 3),
arising from the energy difference between the top of the majority
and minority valence bands for the ferromagnetic ground state at
its equilibrium lattice constant. A small number of majority elec-
tron states are seen very near the Fermi level in the case of Mg
as well as N constituents of MgN.
In Fig. 2(a) solid and dotted lines represent the without spin and
with spin calculations respectively for the RS-GdN. The ﬁgure de-
picts its half-metallic nature, as the bands for majority spin crosses
the Fermi energy. The Fermi level Ef is shown by a single solid line
and set to zero. Strong hybridization between Gd 5d and N 2p spin
majority states is seen around the X-point of the BZ. Due to the fer-
romagnetic decoupling, one of the spin subbands is metallic,
whereas, the Fermi level falls into a gap of the other subbands.
The energy band structure of GdN with the 4f electrons in core
can be subdivided into three regions separated by energy gaps.
The bands in the lowest region around 13.56 to 12.5 eV have
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Fig. 1. (a) Energy bands of rocksalt MgN along symmetry direction near the Fermi energy (located at E = 0). (b) Electronic density of states of rocksalt MgN. The Fermi level is
set to be 0 eV.
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bands separated from the s bands by an energy gap of about 6.3 eV
for spin minority which is in accordance with the earlier calcula-
tion [35]. The energy gap increases to 6.91 eV for the spin majority
case resulting from the hybridization of N p and Gd 5d states. The
spin splitting of the N p bands is small about 0.3 eV for spin major-
ity at the X-point of the BZ, which is fairly close to 0.35 eV calcu-
lated by Nolting et al. [33]. We notice that the majority spin 4f
states lie well below the N 2p valence band, in the gap between
N 2p and N 2s states. The Gd3+ 4f6 ﬁnal state multiplicity is located
at around 8 eV below the Fermi level in the valence band region of
GdN.
At theC-point above the Fermi level, the cup type transition can
be seen in the band structure of GdN presented in Fig. 2(a), which
is more prominent in the case spin majority indicating that the top
of the band approaches the Fermi energy and the area of the Fermi
surface decreases [33]. The minimum indirect band gap between C
and X is seen to be signiﬁcantly smaller for majority than minority
spin because of the inversion of the spin states in the conduction
and valence bands.
Now, we turn our attention to the density of states of GdN as
well as local density of states of Gd and N atom shown inFig. 2(b). This provides a clear picture of the elemental contribution
to the electronic structure of GdN. The majority 4f electron creates
an exchange ﬁeld that leads to spin splitting of the N p band. Fur-
thermore, there is a visible Gd d–N sp as well as Gd 4f N p hybrid-
ization in the occupied part of the GdN valence band [45]. The local
density of states show that the bands in the top of valence band
region are due to N 2p as well as partial 5d-states along with the
hybridization with Gd 5d states. Therefore, this hybridization re-
sults in the magnetic moment on the pnictogen site and is respon-
sible for the attractive magnetic ordering and transport properties
[34]. The high peak of the strongly localized 4f density of states is
easily distinguishable from the rest of the DOS in GdN. The minor-
ity spin-polarized density of states reﬂects all usual features of
band structure. The splitting of the 5p states into 5p3/2 and 5p1/2
nearly at 5 eV and 2 eV in Gd due to the self interaction correc-
tion to exchange energy is presented in Table 3. The state above the
Fermi level in GdN crystal has a broad peak, which is in good qual-
itative agreement with the experimental observation, [6] providing
support for the validity of our studies of the magnetic properties of
GdN. Furthermore, the calculated density of states of GdN agrees
well with photo emission data of nitrogen covered Gd (001)
surfaces [48].
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Table 3
Calculated magnetization l, total spin up l+1/2, total spin down l1/2, HOMO energy
(eV), correction in exchange energy, Vxc for both MgN and GdN, respectively.
Properties MgN-RS GdN-RS
Magnetization l (lB/atom) 3.67108* 7.29*, 6.86t, 6.99u, 7.0v,
6.84w
Total spin up u+1/2 (lB/atom) 3.50 11.14
Total spin down u1/2 (lB/atom) 3.49 3.85
HOMO energy (eV) 0.86 3.75
Correction in Vxc exchange energy
(eV)
7.42 7.13
* Our calculation.
t Reference [16].
u Reference [29].
v Reference [41].
w Reference [25].
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The phonon dispersion curves along with the phonon density of
states for rocksalt MgN and GdN are plotted in Figs. 3 and 4,
respectively. In Fig. 4, we also incorporate the measured Raman
spectra [17,26–27] of GdN to address the source of Raman activity
in the rocksalt structure GdN. These ﬁgures show that bothcompounds in rocksalt structure are dynamically stable as the fre-
quency of phonon modes throughout the Brillouin zone is positive.
Group theoretical analysis predicts optical modes at the Brillouin
zone center belong to the irreducible representation: Copt = T1u
(infrared active). It is clear from the ﬁgure that gap appears be-
tween the optical and acoustical phonon branches in the case of
GdN due to a large mass ratio of constituent atoms. In the case
of GdN, we obtain the frequency of acoustic branches compara-
tively lower in magnitude and it shows a smooth variation along
all the directions of the Brillouin zone. For, MgN the acoustic pho-
non frequencies are not only higher in magnitude but also steeper
almost in all directions of BZ. There is some anomalous behavior
for the lowest TA phonon branch around zone center for MgN.
There is no gap in the case of MgN. The LO and TO phonon modes
which are degenerate in both compounds, show more dispersion
throughout the Brillouin zone. The degeneracy of the optical pho-
non at zone center indicates the metallic character for both com-
pounds. This is consistent with the electronic structure and
electronic DOS discussed above. We also observe that the LO and
TO branches have their minima at C-point while maximum at
L-point for GdN. In the case of MgN the minimum occurs in the
center of C and K-points while maxima at C-point for the case of
LO the maximum is at L-point and minima at C-point. The middle
peak in the optical region (MgN) comes from the ﬂatness of the
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Fig. 3. Phonon dispersion curves for rocksalt MgN along the main symmetry direction in BZ along with one phonon density of states.
V. Mankad et al. / Results in Physics 2 (2012) 34–40 39phonon dispersion curves on the path along high-symmetry direc-
tion C–K–X–C–L–X–W–L.
The phonon density of states presented in the right panel of
Figs. 3 and 4 reﬂects all features of the phonon dispersion curves.
A gap of 150–300 cm1 in the case of GdN is clearly visible while
for MgN the phonon DOS is present almost everywhere after
150 cm1. In the case of MgN there are three clear peaks in the
optical region due to TO(L), TO(X) and LO(X) while the two peaks
in the acoustical region are due to TA(L) + TA(X) and LA(L) + LA(W)
revealing two phonon processes that we have not calculated here.
The phonon DOS presented in Fig. 4 clearly brings out the contribu-
tion of different phonons to the phonon DOS of GdN. Two peaks in
the acoustic region are due to TA and LA phonons, while two peaks
in the optical region can be attributed to the TO(X) + LO(L) and
LO(X) phonons. As far as the comparison of the present calculation
with experimental Raman spectra [17] and earlier frozen phonon
calculation [26–27] is concerned, it is difﬁcult to make any conclu-
sive comment at this stage. There is a good agreement between
present and frozen phonon calculations for the TO(C) phonons.
The phonon frequencies at other points of BZ are underestimated
in the case of the present calculation in comparison to frozen0
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Fig. 4. Phonon dispersion curve for rocksalt GdN structure along the main symmetry dire
obtained using the 633 nm excitation.phonon calculation. This may be due to the fact that the present
linear response approach based on DFPT can be a better choice
than the frozen phonon calculation method as the former does
not require supercells suitable for the calculation of phonons
throughout the BZ. Hence, this suggests that the frequency of LO
mode cannot be so higher than TO mode as obtained using frozen
phonon calculation, particularly when there is no splitting of
LO–TO phonons at the zone center. Therefore, it is important to
consider the experimental Raman spectra [26–27] of GdN and their
interpretation in the light of the present calculation. In the Raman
spectra there two structures: one at about 550 cm1 and another
very weak at about 350 cm1. From the present calculation, the
peaks at 350 and 550 cm1 can be attributed to phonons near
the zone center due to the presence of defect or disorder and the
combination of LO(L) and LA(L) phonons, respectively. The contri-
bution of acoustical phonons may be due to the ﬁrst order disorder
activation of acoustical phonons. It is further important to note
that the exchange correlation functionals and pseudo-potentials
are very tricky in the case of GdN [49]. We also noticed that the
GGA exchange functional was not able to give the correct (imagi-
nary phonon frequencies) phonon dispersion curves and hence0
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ction in BZ along with one phonon density of states and experimental Raman spectra
40 V. Mankad et al. / Results in Physics 2 (2012) 34–40the present calculation of phonon properties is performed using
LDA exchange correlation functionals. However, there is not much
difference in the case of optimized parameters. Hence, we appeal
to resolve the treatment of f states in the pseudo-potential for Gd
as this deﬁciency may be the cause of discrepancies.
4. Conclusions
In this study we have reported the results of ab initio calcula-
tions on structural, spin dependent band structure, elastic and
vibrational properties for two metal mononitrides MgN and GdN
in their rocksalt phase using the plane wave method within gener-
alized-gradient approximation. There is a good agreement in the
case of lattice parameters with previous reports. The band struc-
ture calculation shows that MgN is only half-metallic, while the
band structure and electronic density of states for GdN show that
there is an ionic component along with the covalent like character
and clear half-metallic nature for GdN. Spin-polarized calculations
suggest that the MgN has a negligible magnetization while GdN
shows magnetization, which is well in accordance with experi-
mental observation. The electronic density of states agrees reason-
ably well with the available experimental data. The calculated
phonon dispersion curves show that the MgN and GdN are dynam-
ically stable in the rocksalt phase. The optical phonon branches in
phonon dispersion curves for GdN are less dispersive while the
same for MgN are highly dispersive. The slight unusual behavior
of phonon dispersion curves in MgN shows no gap between the
optical and acoustical phonons. There is a reasonably good agree-
ment for the zone center phonons in the case of GdN in comparison
to earlier report.
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